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Abstract—In this paper, the hydrogen-treated pGaN device and 
conventional selectively etched pGaN device are monolithically 
fabricated on the same platform. The investigation focuses on the 
dynamic Ron and device capacitance due to their essential role in 
dynamic applications. The results show that despite the similar DC 
characteristics from H2 treated and the etched pGaN device, the 
H2 passivated pGaN layer can improve the dynamic Ron 
degradation at different periods. The Cgd and Cds of the device 
are also changed due to the presence of the H2 passivated layer. 
The dynamic performance of the DCFL inverter is compared to 
investigate the impact on rise time and fall time from two 
fabrication methods. 
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I. INTRODUCTION 


The wide-bandgap semiconductors field is experiencing 
significant growth in research and industrial applications, and 
gallium nitride (GaN) is one of the promising candidates. GaN 
exhibits remarkable characteristics such as a high breakdown 
voltage, elevated electron mobility, and excellent tolerance at 
extreme temperatures. These inherent properties enable GaN- 
based devices to operate effectively across various supply 
voltages, temperatures, and frequencies. GaN devices and 
circuits also demonstrate a rapid start-up time, enhancing their 
performance [1-3]. Moreover, there is considerable anticipation 
surrounding the development of monolithically integrated GaN- 
based smart power systems. This integration mitigates parasitic 
effects while enhancing functionality, robustness, and reliability 


[2]. 


The pGaN layer underneath the gate contact region on 
AlGaN/GaN heterostructures has demonstrated normal-off 
performance since their initial implementation by Uemoto et al. 
[4]. The p-GaN layer raises the energy band, depleting the two- 
dimensional electron gas (2DEG) channel without external bias. 
The conventional approach involves selective etching through 
inductively coupled plasma (ICP) or reactive ion etching (RIE). 
For normal-off devices, precise control over the thickness of the 
AlGaN layer (10-25 nm) is required [5], necessitating careful 


manipulation during the p-GaN etching process to avoid 
surface damage to the AlGaN layer. Surface damage to the 
AlGaN layer significantly limits the device's electrical 
performance. Plasma treatment-induced surface damage to 
the AlGaN layer can impact the electrical characteristics of 
the access region's 2DEG, and traditional etching methods 
have limited selectivity [6]. Hao et al. employed hydrogen to 
generate magnesium hydride neutral species on the device 
surface to reduce surface damage to the gallium nitride layer, 
thereby benefiting the reduction of electric field 
concentration and suppression of breakdown current in 
normal-off devices [7]. Previous studies have systematically 
tested the performance of hydrogen passivation-based 
devices and circuit modules and compared them with 
traditionally etched devices [8]. 


GaN-based power HEMTs still suffer from traps and other 
degradation mechanisms that affect dynamic performance 
and _ reliability. Dynamic on-resistance degradation 
originating from charge trapping in buffer stacks or surfaces 
has been considered a significant challenge for GaN-based 
devices [9-11]. In addition, losses in GaN HEMTs due to 
equivalent output capacitors have also been of concern. When 
the equivalent capacitor of the device is charged and 
discharged, it leads to a loss every period. This problem limits 
the performance of high-frequency applications [12-13]. This 
work conducts a comparative analysis of the stability of 
selectively etched devices and hydrogen-treated pGaN 
HEMTs on a monolithic integration platform, focusing on 
capacitance and dynamic resistance. Subsequently, the 
potential impact of the hydrogen treatment process on the 
performance of DCFL (Direct-coupled FET Logic) inverters 
manufactured using both fabrication methods is discussed. 


II. DEVICE STRUCTURES AND PARAMETERS 


A. Device structures 


The device is fabricated based on a commercially available 4- 
inch GaN HEMTs wafer. The general fabrication process 
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includes device Isolation, p-GaN layer etching, Ohmic contact 
formation, H2 plasma treatment, gate metal deposition, two 
metal route deposition processes, and two passivation layer 
deposition processes. The devices (Fig. 1) treated with two 
different methods are fabricated monolithically, allowing a 
direct and persuasive comparison. It is worth mentioning that the 
pGaN layer is used as a dielectric by hydrogen passivation in the 
D-mode device, allowing the integration of E-mode and D-mode 
devices in one process without additional dielectric layers. 


Fig. 1. Structures of (a) H2 treated pGaN HEMT and (b) Etched pGaN HEMT. 


B. Device parameters for I-V curve, Dynamic Ron, and device 
capacitances 


Drain Current (mA/mm) 


iy ——Etched device 
—— H, treated device 


-8 
0 


1 2 3 
Gate Voltage (V) Drain Voltage (V) 
Fig. 2. The (a) transfer and (b) output characteristics of H2 treated and etched 
pGaN devices. 


The following device characteristic tests are carried out on 
devices with a size of LGS/ LG/ LGD = 3/2/3 um, WG = 100 
um. Fig. 2. illustrates the transfer and output characteristics of 
the E-mode device with the etching process and H2 passivation 
process. The comparison results between the two devices in 
transfer and output characteristics are generally the same, 
showing a compatible performance. The drain current of the 
etched pGaN device reaches a maximum of 363 mA/mm at 5 V 
gate voltage. 


The devices often suffer from increasing dynamic resistance 
during switching, primarily from electron trapping and the 
hot electron effect [14]. Hao et al. found that H2 treated 
devices would have more stable dynamic Ron than 
conventional p-GaN HEMT [15]. This measurement setup 
mainly focuses on the behavior of dynamic resistance Ron for 
H2 treated and etched p-GaN HEMTs under drain stress. 
LGS/LG/LGD for this testing was 3/2/14 um, which is larger 
than the other testing due to the requirement of a higher drain 
voltage of up to 200 V. The p-GaN HEMT will be stressed 
with a high off-state drain voltage, then switch to a low value. 
After a soft switch delay of 2 us, one value of VGS will be 
given. After another measurement delay of 5 us, the I-V 
measurement will be carried out. The pulse width for VGS is 
10 us, while the measurement is 3 ts. The value of VGS will 
increase from 0 V to 5 V with a 0.1 V step, and finally, the 
whole ID-VD plot during the process could be obtained. 
Define dynamic Ron as the ratio between ID and VD at VD 
equals 0.1 V; the relationship between dynamic Ron and 
drain voltage could be obtained. Maury AMCAD pulse I/V 
system is used to give the desired pulse. In addition, by 
changing the period of drain stress, different behavior of 
dynamic Ron could be compared. 
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Fig. 3. Dynamic resistance Ron of H2 treated and Etched pGaN HEMTs at 

three different stress periods: (a) T = 100 us; (b) T = 1000 jis; (c) T = 10000 

us. 
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It is worth noting that the values of dynamic Ron are practical 
values without dividing the static value. It is illustrated that 
compared with the etched devices, the H2 treated ones tend 
to have a relatively minor Ron increase under 0 to 200 V drain 
stress, which is about 47% at 1000 ps period, 35% at 1000 ps 
and 10000 us period. By contrast, the etched ones have a 
more significant Ron shift, which is more apparent when the 
period is smaller. Specifically, the increasing amount is about 
77% at 100 us period, 58% at 1000 us period, and 48% at 
10000 ps. The test depicted in Fig. 3 corresponds to the 
characterization of dynamic resistance (Ron) in the device's 
dynamic performance. 
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Fig. 4. Device capacitances (Cgd, Cds, and Cgs) of H2 treated and Etched pGaN 
HEMTs: (a) Gate to drain capacitance, Cgd; (b) Drain to source capacitance, 
Cds; (c) Gate to source capacitance, Cgs. 


Keysight mf (motive frequency) cmu 1505 was used to measure 
the characteristics of the device capacitance. This section's 
device size (LGS/LG/LGD) is 3/2/3 um. For the measurement 
of gate-to-drain capacitance (Fig. 4 (a)), the source and gate are 
both grounded. It can be seen that with the increase of drain 
voltage, Cgd for both devices tend to decrease, and the H2 
treated one has lower capacitance. Regarding the drain-to-source 
capacitance, the source voltage was kept at 10 V, and the gate 
voltage was still 0 V. Both devices have stable Cds at about 0.04 
pF when the drain voltage increases. As for the gate-to-source 


capacitance, the source was grounded, and the drain was floating. 


It is illustrated that Cgs for both devices will increase with gate 
voltage, while the etched one has smaller capacitance than the 
H2 treated one when the gate voltage is larger than 2 V. Fig. 4 
illustrates the test associated with device capacitance, another 
aspect of the device's dynamic performance characterization. 


III. DISCUSSION 


This section employs the DCFL inverter circuits to verify the 
influence at the circuit level. TABLE I gives all the parameters 
(gate length, gate width, supply voltage, and input signal 
frequency) applied in the DCFL inverter measurement. This 
circuit consists of one D-mode and one E-mode HEMT in series. 


TABLE I. KEY PARAMETERS FOR THE INVERTER CIRCUIT 


Parameters Values 
D-mode pGaN-HEMTs Lgs/Lg/Lgd = 3/2/3; 


(um) se 
E-mode pGaN-HEMTs Lgs/Lg/Lgd = 3/2/3; 


um W = 200 
Voltage supply (V Vop = 9; 
Input frequency (Hz) 100k /500k 


VDD 


Vout 


Etched device 
—— H, treated device 


Vout (V) 


Time (us) 
Fig. 5. (a) Schematic of the DCFL Inverter circuits switching waveforms 
consisting of H2 treated and Etched pGaN HEMTs at (b) Frequency 100 
kHz and (c) Frequency 500 kHz. 


The test results are shown in Fig.5 (b) and (c), the Fig. 5 (b) 
corresponds to the switching waveforms of these two kinds 
of pGaN gate HEMTs at 100 kHz, while the Fig. 5 (c) 
represents the waveforms at 500 kHz. Fig. 5 (b) gives that the 
rising time of H2 treated device circuits is 0.7 ps larger than 
Etched pGaN device circuits. Since the performance on 
switching is affected by device capacitances, this result insists 
that their device capacitances and dynamic resistance show 
an evident disparity. However, there are few apparent 
differences between the switching waveform of H2-treated 
and Etched pGaN device circuits at 500 kHz. This is because 
both types of circuits will have a relatively significant 
distortion when frequency at 500 kHz, so the influences of 
the diverse gate process may be less notable. Fig. 5 illustrates 
the dynamic characteristics of two different pGaN gate- 
treated devices at the monolithic integrated circuit level. 


Therefore, based on the dynamic tests conducted at the two 
device levels, the dynamic resistance (Ron) and device 
capacitance were measured, further corroborating the two 
devices' dynamic performance at the monolithic integrated 
circuit (IC) level. These three tests highlight the impact of 
different fabrication processes within the pGaN HEMT 
monolithic IC. As a result, a comparative study of the 
dynamic characteristics from the device to the monolithic 
integrated circuit level for Hydrogen treated and Etched 
pGaN devices is conducted. 
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IV. CONCLUSION 


This paper investigates the characteristics between H2-treated 
and etched pGaN devices on the same platform. The presence of 
the H2 passivated pGaN layer greatly improves the dynamic 
Ron performance at different stress periods from 100 us to 
10000 us. The device capacitances are also different due to the 
different device structures. The dynamic waveform of the DCFL 
inverter circuits verifies the influence of the device parameters 
at the circuit level. An accurate device model will be needed to 
characterize H2 treated pGaN devices for monolithic IC 
applications. 
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